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Effects of Motivation on Rotary Pursuit Performance
Betty L. Leuthold^
Montana State University 
The phenomena observed in learning rotary pursuit haye 
stimulated research on personality (1 0 ,2 6), types of abilities 
and skills in motor tasks (6 ,1 5 )., forgetting and retention (1 7), 
differences in defectives and normals (1 9 ), and motivation (1 3 , 
20, 29). The performance curves of groups practicing with dis­
tributed or continuous (commonly called "massed") trials as 
shown in Fig. 1 have been described by Ammons (19^?a, 19^7h) 
and Kimble (19^9h), but theories trying to explain the data 
are neither adequate nor complete (1 , 2, 8 , 1 2, 1 ,̂ 2 1).
Insert Figure 1 about here
Early investigators (see review in Ammons, 19^?a) 
realized that theories such as Snoddy’s based on concepts of 
primary and secondary growth, and Dor6 and Hilgard’s on stimu- 
lation-maturation, as well as learning theories by Bell, Melton, 
and Hull could not completely account for the experimental data. 
Researchers adopted the position that temporary work decrement, 
sitnilar to the reactive inhibition (IR ) described by Hull
Dr. R. B. Ammons assisted throughout the entire study 
and gave much theoretical and statistical guidance. The 
cooperation of the Montana State Cdllege psychology and 
athletic departments was appreciated.
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(19^3 ) as a negative drive, developed during continuous 
practice and dissipated during rest. Since distributed prac­
tice allowed for IR to dissipate during the frequent rest 
periods, little IR accumulated, resulting in distributed 
practice groups* having better performance. During con­
tinuous practice 1^ accumulated until a lengthy programmed 
rest was given. During rest for the group practicing con­
tinuously, most of the 1^ dissipated, resulting, in a higher 
performance level in initial post-rest practice, the differ­
ence in the performance levels (D-B in Fig. 1) being called 
reminiscence. The rapid increase in post-rest performance 
(E-D in Fig. 1) is called warm-up (WU) and is usually thought 
to be due to S's needing to again acquire a "set" including 
muscular and mental adjustment towards the task (Ammons, 
19^?a). Because post-rest performance of the group prac­
ticing continuously does not ever reach the performance level 
of the distributed group, some permanent work decrement which 
does not dissipate with rest, similar to the conditioned in­
hibition (SIR ) described by Hull (19^3) as a negative habit 
(C-D in Fig. 1), is thought to be present. Kimble (19^9) 
suggested that when level of IR considered as a negative 
drive reaches S's positive drive level, a resting response 
occurs to lessen the 1^ level, and becomes conditioned to 
the stimuli present. This conditioned resting response is 
Hull's gig. Ammons., Ammons, and Morgan (1958) showed in a 
filmed analysis of performance that very few overt resting 
responses occur during either continuous or distributed
3
practice, Eysenck and Maxwell (1 9 6 1), however, accepted 
Kimble's theory that resting responses do occur and further 
hypothesized that during initial post-rest practice when no 
IR is present, the conditioned resting response (gig) is 
being extinguished because of no reinforcement of such rest­
ing responses as do occur. The extinction is the cause for 
the up-swing in performance (WU) which lasts until enough
I„ is accumulated again to produce the resting response and n
reward it. Eason and White (i9 6 0) suggested that continuous- 
distributed performance differences were due to a summation 
of motivation and fatigue, and could be measured by muscular 
tension (EMG).
The various theories have led to the use of various 
methods to measure performance, reminiscence, Ig, WU, and gig. 
Performance is usually time or per cent of the time on target 
per trial. Reminiscence is the difference in performance be­
tween the score on the first post-rest trial and the score on 
the last pre-rest trial (D-B in Fig. 1) (Eysenck) or the dif­
ference between the last trial pre-rest score and the post­
rest Initial performance score corrected for WU (F-B in Fig,
1) (Ammons). The corrected level is found by using the method 
of least squares or average decrement over the post-rest trials 
later in the practice period and extrapolating the line back­
wards to the first post-rfest trial. Reminiscence is used as 
the measure of the amount of Ig dissipated over rest. WU )l s  
the difference in performance between the score on the first 
post-rest trial and the highest post-rest seore before the
ij,
decremental segment begins (E-D In Fig. 1) (Eysenck) or 
the difference between the score on the actual first post­
rest trial and the corrected post-rest Initial level (F-D in 
Fig. 1) (Ammons). gIR is the difference between the score 
on the first post-rest trial and the score of the distributed 
group on the same trial (C-D in Fig. 1) (Eysenck) or the dif­
ference between the score on the first post-rest trial cor­
rected for WU and the score of the distributed group on the 
same trail (G-F in Fig. 1) (Ammons).
Motivation has been suggested in many experiments as a 
major factor in the performance of motor skills. Motivation 
is regarded as directly related to IR and reminiscence (12,
20, 29). Kimble (19^9a) suggested that late in learning there 
is monotony,, such that S approaches a level of monotony so 
great that the need for accomplishment or improvement is 
sated and motivation disappears. Wasserman (1951), with the 
inverted alphabet printing task, showed that high motivation 
was associated with superior performance. Less 1^ accumulated 
late in learning with low drive Ss, and a subsequent decrease 
in reminiscence occurred late in learning. Pavlik and Swartz 
developed different amounts of 1^ in three groups of Ss per­
forming the inverted alphabet printing task. Subsequent 
tests with additional problems indicated that the 1^ was task 
specific and did not have general motivational properties. 
Eysenck and others (196la_,. 19̂ 1"b), using the rotary pursuit 
task, found no performance differences -between low and high 
drive Ss. Reminiscence was the same for low drive Ss after
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3 mln. and after 8 min. of pre-rest practice, but much higher 
for high drive Ss after 8 min. In recent articles Eysenck 
(196^) has suggested that consolidation Is occurlng during 
the rest period and that this process accounts for the similar 
pre-rest but different post-rest performance of high and low 
drive groups. Experimenters (e.g. Ammons, 19531 Kimble, 1950) 
have motivated Ss by such devices as having them compete or 
telling them their scores would be posted.
Although many variables affect the learning of a motor 
skill, they have seldom been considered separately. The main 
variables--previous skill, motivation, learning, and fatigue-- 
interact so complexly that the various theories combining the 
variables can all be regarded as plausible. A few of the 
variables influencing performance are? transfer of skills 
learned at similar tasks,, transfer of motivation from similar 
tasks, amount and rate of learning during practice, amount 
and rate of "learning" during rest (consolidation), amount 
and rate at which 1^ builds up during practice, amount and 
rate at which IR dissipates during rest, motivational changes 
during practice., motivational changes between practices, Initial 
post-rest learning (pre-rest practice learning plus what w^s 
"learned" with consolidation during rest), amount and rate 
at which gIR builds up. The present study is an attempt to 
vary systematically the motivation of Ss practicing rotary 
pursuit to determine which motivational changes affect the 
performance curves and how these are related to reminiscence,
ViU, IR , and gIRS Hypotheses are presented according to theories
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currently being developed by Eysenck and his co-workers, and 
the theories' presented earlier by Ammons and researchers work­
ing with hip.
Since Eysenck has reported no organized "theory” as such, 
his ideas from several sources on effects of motivation on 
the pursuit rotor task have been organized by the present in­
vestigator into statements and hypotheses related to those 
statements. References give sources of the statement^. 
Statement 1. 1^ grows as a linear function of duration of
practice (1 2 ) and dissipates whenever practice ceases (9 ). 
Statement 2. IR is a negative drive which cancels out part 
or all of positive drive active in the testing situation (1 2 ). 
Statement 3. When 1^ eguals drive, performance stops and ^n 
involuntary rest pause ensues (1 2).
Explanation 1. The complex stimulus for an involuntary 
rest pause is the total stimulus pattern presented by 
the pursuit rotor, stylus and other external parapher­
nalia plus the bodily sensations emanating from the 
muscles used in the task (9 ).
Explanation 2. The rest response is one of not moving 
the stylus and not paying attention to the rotating disk 
(9).
Explanation 3. Involuntary rest pauses, when perform­
ance falls momentarily to zero, drag down the overall 
performance of the massed-practice group (9 ).
Hypothesis A. For the low drive group the critical 
level where Involuntary rest pauses occur is reached
7
after 2 minutes (1 2).
Hypothesis B. For the high drive group the critical 
level where Involuntary rest pauses occur Is reached 
after 6 minutes (1 2).
Statement During involuntary rest pauses 1^ dissipates
until I_ is sufficiently below drive, at which time perform-Ji ,
ance begins again with 1^ accumulating until another involun­
tary rest pause occurs (1 2).
Statement 5. A programmed rest pause allows all or nearly
all IR to dissipate and is shown in Improved post-rest per­
formance as reminiscence (1 2 ).
Explanation 1. Measuring reminiscence is equivalent to 
measuring 1^(13)® Measuring 1^ is equivalent to measur­
ing positive drive (12). Measuring reminiscence is 
equivalent to measuring positive drive (1 2 ),
Hypothesis A. We should expect the massed practice group 
to have gotten rid of its load of Inhibition during 10- 
min. rest periods (9 ).
Hypothesis B. For low drive groups, reminiscence should 
Increase for 2 min. and then level off (9).
Hypothesis C. For high drive groups, reminiscence should 
show the same increase as for the low drive groups for 
2 min. of pre-rest practice, and thereafter it should- 
increase with Increasing continuous pre-rest practice 
until IR equals drive (9).
Hypothesis D. With 2 min. practice no difference in 
reminiscence of high and low drive will be seen because
the low drive group is only beginning to show involuntary 
rest pauses (1 3).
Statement 6 . Involuntary rest pauses act as reinforcements 
for the response state of not working and thus produce SIR(1 2 ), 
Explanation 1. Involuntary rest pauses act as a rein­
forcement because they allow fatigue to dissipate (9 ). 
Hypothesis A. gIR will develop later in learning with 
high than with low motivation.
Statement 7. gIR is a habit and does not dissipate during, 
rest (12).
Explanation 1. It can be shown that if a trial Is con­
tinued long enough without a rest period, performance 
will actually fall to zero (9 ).
Explanation 2. gIR remains to depress performance even 
after a rest pause (9 ).
Statement 8 . The extinction of gIR after rest|feb; to absence 
of IR is marked by an up-swlng in performance which lasts un­
til enough IR is accumulated again to reach the critical level 
(12).
Explanation 1. Extinction■ceases when an involuntary 
rest pause occurs (9 ).
Explanation 2„ At point of.combination of an involuntary 
rest pause and newly developed gIR a sharp drop in per­
formance is produced (9).
Explanation 3. WU should not occur after one minute of 
pre-rest practice (9).
Hypothesis A. WU should be less for high than for low
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drive Ss with pre-rest practice of more than 2 min., 
hut less than 6 min. There should he equal WU before 
2 min. (1*0 .
Prom the several theoretical outlines of Ammons® papers, 
the following statements have heen selected as helng most 
pertinent to this particular study.
Statement 1. When Increments in performance level other than 
those due to motivation are equal, the performance levels of 
high motivation and low motivation groups as a function of 
practice will continue to diverge indefinitely (2 9).
Statement 2. For any given trial, the greater the motivation,
the greater the absolute Increment of Dwt (or Ifi) (2 9). 
Statement 3. After rest, the improvement (reminiscence) will 
he higher, the higher the level of motivation (2 9).
Statement *f. Amount of WU decrement will vary Inversely with 
the degree of motivation when the lengths of prior rests and 
practice are held constant. With a higher level of motivation 
fewer postural adjustments will drop out over rest (2 9).
Explanation 1. Less WU is needed with higher level of 
motivation (2 9).
Statement 5. Reminiscence is a negatively accelerated func­
tion of duration of interpolated rest, reaching a maximum 
after 5 min. rest and having a maximum value after approxi­
mately 8 min. of pre-rest practice (2 ).
Statement 6 . Initial WU increases as a negatively accelerated
increasing function of total duration of previous practice (2 ). 
Statement 7. Initial WU decreases as a positively accelerated
10
function of the number -of-previous practice sessions (2 ).
According to Eysenck's theory the following hypotheses 
would be made in predicting the outcome of the present study.
1) Eysenck's inhibition hypotheses would predict that 
high and low drive group performance would not be different 
after 2 min. of pre-rest practice, but would be after 6 min. 
of pre-rest practice (see Statement 3* Hypotheses A and B). 
However, in two experiments (1961a, 1961b) no differences in 
performance were shown and at that time Eysenck explained it 
this way: "Under experimental-paced conditions like the pur­
suit rotor excessive inhibition shows itself In reminiscence 
rather than performance". Later Eysenck (196^) adopted the 
consolidation theory which would predict no performance differ­
ence during pre-rest practice for groups differing in drive 
levels.
2) WU and reminiscence would be the same in all groups 
after 2 min. (Statement ,5s Hypothesis D and Statement 8 s 
Hypothesis A). That is, high drive WU and IR equal low driye 
WU and IR.
3) After 6 min. of pre-rest practice, low drive groups 
would have had many more involuntary rest pauses, so high 
drive groups would have more I- (Statement S' Hypotheses Bn.
and C) and less WU (Statement 8 s Hypothesis A) than low 
drive groups.
k) Within the same drive level, 6 min. of pre-rest 
practice would produce more IR build up (Statement 1) and 
more gIR build up (Statement 6 ) than 2 min. of pre-rest
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practice. Therefore at all drive levels IR and WU will be 
greater for 6 min. than 2 min. of pre-rest practice.
5) As gig accumulates over several practice periods 
(Statement ?), WU will increase for both high and low drive 
levels across practice groups. WU will increase faster in 
low drive groups over several practice periods (Statement 8 s 
Hypothesis A) because gIR will accumulate faster. If motiva­
tion increases with increasing practice periods, WU will in­
crease less because there is less gig (Statement 6 s Hypothesis 
A) accumulating and thus less gIR to extinguish.
6 ) IR will increase over practice periods if positive 
motivation Increases (Statement 3) because more IR will be 
needed to reach equilibruim with the positive drive.
According to Ammons's theory the following hypotheses 
would be made in predicting the outcome of the present study. 
The hypotheses are numbered the same as those given above so 
that Ammons's and Eysenck's hypotheses can be compared.
1) Motivational differences result in a divergence of 
performance as a function of practice time, during conditions 
of either massed or distributed practice (Statement 1).
2) After 2 min. of massed pre-rest practice, high drlye 
groups will show more reminiscence and less WU than lower 
drive groups (Statements 3 and k).
3) After 6 min. of massed pre-rest practice, high 
drive groups will show more, reminiscence and less WU than 
low drive groups (Statements 3 and 4).
*0 Within the same drive level, 6 min. of pre-rest
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practice will produce more reminiscence (Statement 5) and 
more WU (Statement 6 ) than 2 min, of practice.
5) As more practice periods are introduced, eventually 
there will be less WU for both high and low drive levels 
(Statement 7). If motivation increases, WU will decrease 
(Statement 4).
6) Ig will increase over practice periods If motivation 
Increases (Statement 2).
Method
Apparatus and materials. The rotary, pursuit apparatus 
was first designed by Koerth (1922) and has been improved and 
changed by subsequent researchers. In the present study the 
rotor consisted of a black, plastic turntable 10 3/k in, in 
diameter. A 3/k in, brass target was set flush with the sur­
face of the turntable with the target center 3 1/4 in. from 
the center of the turntable. Rate of target was fixed at 
and frequently checked to be 60 r.p.m., the rate used in most 
rotor studies. The hinged stylus was 6 in. long from the 
hinging point to the bend and 1 1 /8  in. from the bend to the 
stylus tip. Tip was silver. Both the tip and target were 
cleaned with soft sandpaper before every S was run. Standard 
Electric timers recorded the amount of time on target for 10- 
sec. periods.
A Skill Questionnaire was administered in an attempt to 
estimate the general level of motor skill present before S 
performed the pursuit rotor task.
Skill Questionnaire. "Place a rating of 1, 2, 3> or.
13
5 in front of each of the activities that you have tried. 
Comparing myself to others within my sex in these activities 
I feel that I 9m
1) very good? 2 ) fairly good? 3) average? 4) rather poor?
 __hand heating hatter
horseback riding
 ironing
 Jumping objects
pitching horse-shoes 
playing musical instruments 
printing letters
 repairing watches and radios
 running
 screwing in screws
 shooting a gun
_skatlng 
.snow skiing 
.swimming 
.tennis 
.throwing 
.tracing designs 
.trampoline 
.typing 
water skiing 
working with machines 
wrestling
5 ) quite poor?
 baseball
 basketball
 bicycling
 _bowling
_  catching objects
 croquet
  danc ing
 driving a ear
 football
 golf
 hammering nails
In order to have additional measures on whether motiva­
tion was increasing or decreasing throughout a practice session, 
the following questionnaires were developed and used.
Pre-practice Motivational Questionnaire.' "Check one 
answer. In comparison to other similar tasks, I expect to 
trjr
 harder than I ever have before
: very hard
 fairly hard
somewhat harder than usual 
“ little more than usual 
about my average level
 somewhat less than usufil
a little bit 
, very little
not at all"
Post-practice Motivational Questionnaire. Different 
forms and Instructions were given to the three distributed 
conditions. All were similar to the one given below except 
that the minutes marked, off were determined by the amount of 
time S practiced. Instructions were "You have been practicing 
for 12 min. and on the bottom of this graph you can see the 
minutes marked off from 1 to 12. On the left hand side of 
the graph are numbers from 0 to 9 and each of these represents 
a level of how hard you tried. You are to put a circle around 
the intersections of the lines showing how hard you felt you 
tried during each minute of practice".
”In coffiparlson to other similar tasks. I tried
naraer unan 1 ever nave Dei ore y
very h a r d .................. 8
fairly hard . . . . . . . . . .  7
somewhat harder than usual . . 6 
little more than usual . . . »  5 
about my average level . . . .  k
somewhat less than usual . . .  3 
a little bit . . . . . .  . . .  2
very little . . . . . . . . .  1
not at all . . . . . . . . . . .  0
'
— 4
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Minutes
Subjects. Treatments of the five major experimental 
groups are described in Table 1. Under each of the major' 
groups are listed the three distribution conditions, which
Insert Table 1 about here|
were the same for each group. 10 Ss were run in each distri­
bution condition in each major group. Thus a total of 30 Ss 
were run in each of the 5 experimental groups, making a total 
of 150 Ss run in the entire experiment. 90, male Ss (M age = 
20.0?) volunteered from psychology classes or fraternities at 
Montana State College. 60 other Ss (M age = 20.05) were se­
lected with the aid of the MSC athletic director* 30 of these 
Ss were college athletes superior in only one sport and 30 of 
these Ss were college athletes superior In two or more sports. 
The majority of the athletes were outstanding In football (N=32)
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and/or basketball (N=21) while the rest were outstanding In 
track, wrestling, baseball, skiing, tennis, and golf. Approxi­
mately equal numbers of athletes superior in any one particular 
sport were placed in each condition (see Appendix 2, Table A). 
The athletes superior in only one sport were selected on the 
following bases: (1 ) recommended by their coach? (2 ) had an
athletic scholarship or had lettered in only one varsity sport 
in college. Athletes superior in two or more sports were se­
lected on the bases that: (1 ) they were recommended by their
coach as such? (2) they played on two or more varsity teams 
during the past year or two? or (3 ) they were accepted to pl̂ .y- 
on two or more varsity teams the next year but because of 
legitimate excuses (e.g., only registered spring quarter) had 
been in only one sport the present year.
The distribution conditions were run as follows. The 
distributed condition (D) Ss were run through cycles of 20 
sec. of practice and 50 sec. of rest for 36 trials, practicing 
a total of 12 min. The Ss in the first massed practice con­
dition (M-2 ) practiced continuously for a 2-min0 session 
and a 6-min, session, .separated by 8 min. of rest. The Ss 
in the second massed trial condition '(M-6 ) practiced con­
tinuously for three 6-min. sessions separated by 8 min. of 
rest.
The. five major experimental groups were as follows.
1. Standard group (S). As a control group for all the 
other groups, Ss were given regular instructions with no 
special motivational emphasis. There was also no known
17
situational reason for them to be especially motivated.
2. Competition group (C). The assumption was that S , 
having more competition would have higher motivation. Two 
Ss were run during the same practice period with both prac-•mm ^
ticing and resting at the same time. E announced which S
/
was performing better every 20 sec. The name of the higher 
performer was called out. The order of the names called was 
in a pre-determined random order except on a few trials where 
the randomization would obviously appear incorrect to both 
Ss, at which time the obvious and true winner was named (see 
Appendix 2, Table B),
3. Knowledge of Results (KR). The assumption was that 
as the apparent level of knowledge of results increased, mo­
tivation increased. Each S was given the regular instructions. 
After 2 and b min. of practice in D condition, after 2 min.
of practice in the M -2  condition, and during every rest 
period in the M -6  condition, E showed S a graph of average 
performance and showed approximately where S performed.
Every 20 sec. E announced whether S was "good” or "not quite 
so good" as compared to the average performance. The results 
were announced randomly except on a few trials where this 
would have been obviously Incorrect, when the expected re­
sponse was given (see Appendix 2, Table B).
4. Athletes superior in only one sport (A-l). It was 
assumed that Ss have more and better skills because of high­
er motivation towards learning motor skills. Both athlete 
groups were run In the same manner as Ss in the standard group.
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5. Athletes superior in two or more sports (A-2). Be­
cause of a broader interest, Ss’ motivational level should be 
higher than that of the A-l group.
Procedure. Ss volunteered for either hour or half-hour 
periods. The athlete groups were telephoned, while the others 
volunteered from large classroom or fraternity groups. Ss 
were assigned according to a pre-determined order of the major 
experimental groups and distribution conditions where no two 
Ss in any one condition were run on the same day of the week 
nor at the same hour. When Ss could not be obtained for a . 
scheduled hour, a list was made and kept describing the day 
of the week and hour of the day Ss had been run in each con­
dition. Thus, the substitutes also filled the requirements 
of the original pre-determined order. In this way hour or 
day of week effects on any one condition were minimized.
Each S sat down, his name and age were recorded, and he 
was made to feel comfortable. The Skill Questionnaire w^s 
filled out. The general instructions for rotary pursuit 
were then given, as followss
'"This is a test of coordination. The task is to keep 
the tip of the stylus on the target. Please remember that 
you are to keep the stylus on the target for as much time as 
possible. Try not to become tense as you do this or you will 
tire soon.” (Turn on the rotor and demonstrate as you talk). 
’’You can see that the rotor is going at a constant speed, 
that the target is always the same distance from the center, 
and that the turntable is rotating on a flat plane. The
19
stylus is hinged and you are not to tilt the stylus, press 
down on it, or hold it in one place to catch the target as it 
comes around. All of these things will lower your score. The 
clicks mean that the stylus is moving on and off the target.
When I hold the stylus off the target or directly in the center 
of the target, you hear no clicks. Generally the best scorers 
are ones who try as hard as they can on all the practice periods 
and are still able to keep calm and do not tense. The best 
way to do well is to make a smooth circular movement following 
the target around and staying on it as long as you can. Do 
you have any questions?*'
After the rotor instructions, the pre-practice motivational 
questionnaire was given. At the end of the last practice period 
for all conditions the post-practice questionnaire was given. 
During rest periods Ss read magazines that were available for 
that purpose and were not allowed to converse with each other 
or E.
Results
Graphs were made of performance over 10-sec. practice 
trials, using both means and medians for all groups within 
each condition. Because all relationships were relatively 
the same for means and medians, only the graphs showing mean 
performance are presented (see Appendix 2, Table C for per-
Insert Figures 2-, ' 3, and ^ about here
formance means). Figures 2, 3» and k give the performance 
of the standard (S), competition (G), and knowledge of
20
results (KR) groups In the respective D, M-2, and M- 6  con­
ditions. Figures 5» 6, and 7 give the performance of the
Insert Figures 5» 6, and 7 about here
two athlete groups (A-X and A-2) and the standard (S) groups 
in the respective D, M-.2, and M-6  conditions. Figures 8 , 9, 
and 10 ŝ iok the performance in the different conditions for 
one group (i.e. S, C» or KR).
Insert Figures 8 , 9* and 10 about here
The Pearson product moment correlation method was used 
for correlations reported in this paper except where other­
wise stated. To obtain some kind of reliability measure from 
which evaluations could be made, the first 10-sec. practice 
trial score was correlated with the second 10-sec„ trial score 
for each individual group (N=10). The range of correlation 
coefficients was from .2 3 to .9 6 with the median being .74. 
(See Appendix 2, Table D for specific values). In order to 
compare the Skill Questionnaire score with other measures the 
reliability of the Skill Questionnaire for all Ss (N=150) on 
odd-even questions was determined to be .64. This becomes 
.78 when corrected for halves with the Spearman-Brown formula.
Insert Table 2 about' here
Table 2 presents the means of the Skill Questionnaire 
for groups. The Skill Questionnaire score and performance
21
score In the Initial 20-sec. practice period for each S were 
correlated within each Individual group (H=10). Results 
ranged from -.^9 to .^5* with a median of *03® (See Appendix 
2, Table D for specific values). For all groups combined 
(N=150), the number of skills S reported having tried and the 
mean rating on those attempted correlated -.16, This relation­
ship is not 0 at the .05 level of significance. Since high 
skill was rated as 1 , the negative correlation means a posi­
tive relationship between number of skills tried and the mean 
rating of skill.
For individual S and group comparisons of total perform­
ance sessions, 10-sec. trial scores were summed for the total
. \2-or 6-min. massed-practiee session for each S. In the M\2
condition the total sum for 2 min. was correlated with the \ 
total sum for 6 min. In the M- 6  condition the first 6-min. 
total was correlated with the second 6-min. total and the 
second 6-min. total was correlated with the third 6-min. 
total. Table 3 presents these correlations. These sums 
for each S were also correlated with that S's Skill Question­
naire score within the individual groups (N=10). The range 
was from - . 3 5  to .72 with a median value of .18 which does 
not reach the level of significance.
Insert Table 3 about here
Table k presents the means of the pre-practice motivation 
ratings for each group. Using all groups (N=150), the pre- 
practice motivation mean and the initial 20 sec. practice
22
period were found to correlate .2? (t, = 3.32) using Jaspen's
Insert Table 4 about here
formula (1 8 ) for correlation with restricted values and .28  
with the Pearson product“moment method. With N = 150 a zero 
relationship can be rejected at ,01 level of significance.
In careful study of scattergrams of the pre-practice motlva- 
tion rating versus the initial 20-sec. practice period score 
for the individual groups (N=1 0), no consistent or significant 
relationship within one group was noted. Using all groups 
(N=1 5 0), the pre-practice motivation rating correlated .35  
(t = with the post-practice motivation last-minute
ratings .6 6 with the post-practice motivation mean over all 
minutes| and .50 with the post-practice motivation first 
minute rating. All these correlations suggest that the re­
lationship between pre- and post-practice motivation is 
significantly different from zero at the .01 level of signifi­
cance. Scattergrams of the correlation between pre-practice 
motivation and reminiscence scores within individual groups 
(N=1 0 ) showed no close relationships, so correlations were 
not computed.
Because Ss rated their motivation after practice for 
each minute of previous practice, mean motivation rates for 
each group could be graphed for each minute of practice in 
order to estimate the development and change of motivation 
level as practice proceeded. Figures 11, 12, and 13 present 
these curves for D, M-2, and M - 6 conditions.
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In order to compare the reminiscence scores obtained 
from the groups with different motivational levels and to
Insert Figures 11, 12, and 13 about here
find if there was any Interaction between the amount of 
motivation and the amount of previous practice, several 
analyses of variance were made. The S, C, and KR groups 
were hypothesized to have different motivational levels and 
their reminiscence scores were compared in one analysis of 
variance. Because the A-l and A-2 groups were selected in 
a different manner, they were compared with S apart from the 
C and KR groups. The Ss' reminiscence scores in M-2 con­
dition could be compared with different Ss' reminslcence 
scores in M - 6  condition, but the same Ss In the M - 6  condition 
had two reminiscence scores, one after the first 6-min. prac­
tice period and one after the second'’ 6-min. practice’period, 
which needed to be compared with a different type of analysis 
of variance. A simple randomized 3 x 2  analysis of variance 
was used for comparing reminiscence scores of the M-2 and 
M - 6 conditions while a Type I mixed factorial was used for 
comparing the same S's reminslcence scores after one 6-mln. 
practice period and after two 6-min. practice periods (Lind­
quist, 1953).
Eysenck defined a reminiscence measure for Individuals 
which could be used In analyses. In order to test Ammons’ 
hypotheses a measure for Individual reminiscence needed to 
be derived. Because Ammons suggests that warm-up is necessary
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before reminiscence can be measured, convenient reminiscence 
measure which approaches that wanted by Ammons might be ob­
tained by subtracting the last trial pre-rest score from S ’s 
highest raw score in the first 1 1/2 min. of post-rest prac­
tice. Table 5 presents the F values obtained from the analyses 
of variance of these two kinds of reminiscence scores. Table 
7 gives the means of both Eysenck’s reminiscence scores and
Insert Table 5 about here
the reminiscence scores based on S's highest score, which 
measures were used in the F tests summarized in Table 5.
Insert Table ? about here
According to Eysenck's measure of reminiscence, there 
was significantly less reminiscence after practicing for. 
two 6-min. practice periods as compared to practicing for one 
6-inin. practice period for the S, 0, and ER conditions (£<,,05). 
An interaction between the variable of athletic skill (S, A-l, 
and A-2) and the variable for amount of pre-rest practice (2 
min., 6 min.) was significant (£<.05). Eysenck's measure of 
reminiscence showed no other differences for motivation levels 
of amount of previous practice. Using S's highest score for 
computing reminiscence resulted in significantly more reminis­
cence after 6 min. of practice than after.2 min. of practice 
in S, G, KR group comparisons and S, A-l, A-2 group compari­
sons (£<.005 and £<.001) and significantly less reminiscence
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after two 6 min. practice periods than after one 6-min. prac™ 
tice period (£<.005 and £<.05). The C and KR groups had 
significantly more reminiscence than did the S group after 
2 min. of practice (£<.05) and after 6 min. of practice 
(£<.05). There were no significant Interaction effects.
An individual WU. score was necessary in order to compare 
effects of motivational level and amount of previous practice
on WU. Eysenck subtracts the first trial post-rest score
from S's highest raw score in the first 1 1/2 min. of post­
rest practice to obtain a, measure of WU and no more appro­
priate individual measure was derived to correspond with 
Ammons* theories. Table 6 presents the F values obtained 
from the analyses of variance of WU scores. Table 8 gives
Insert Table 6 about here
the means of WU scores used in making the F tests given in 
Table 6.
Insert Table 8 about here 
Discussion
Comparing findings with the hypotheses given in the in­
troduction of this paper, results are consistent or inconsis­
tent with these parts of Eysenck’s and Ammons’ theories.
1) In Fig. 2, 3, and 4, no performance difference is 
seen between groups in D condition, while the performance of 
the KR group in the M-2 condition appears to be superior to 
those of the S and C groups. The performance of the C group
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In the M-6 condition appears to be superior to those of the 
S and KR groups. Each of the curves represents an N of 10 
and although the plotting of the median scores indicated that 
performance for each group of 10 Ss was quite stable, the 
possibility that only one or two Ss gave a curve its shape 
should be remembered and considered. In Fig. 3 it can be 
seen that during the initial 2-min. practice period, the KR 
group had a superior performance level. In Fig. 4- the G 
group had a superior performance level for 1 1/2 min. of 
pre-rest practice. The KR M-2 group and the C M-6 group 
gave higher pre-practice motivation ratings (see Table 4), 
so it may be that these two groups made higher pre-rest per­
formance scores and subsequent higher post-rest performance 
scores because of higher motivation. However, the correla­
tion between pre-practice motivation and initial 20 sec. 
practice scores was .28 for all Ss, which indicates that 
higher motivation has only a slight effect in producing 
higher initial performance. Other factors besides motiva­
tion must be involved in producing the higher pre-rest per­
formance in the KR M-2 group and G M-6 group. The differ­
ence between groups seen In Figs. 3 and 4- In over-all post­
rest practice may well be due In part to higher initial per­
formance and to chance variations of the 10 Ss in each group. 
If it is assumed that there were motivational differences be­
tween the groups which were produced by experimental manipu­
lation and Indicated by diflrerences in reminiscence scores, 
the hypotheses about performance differences can be discussed
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while considering the data shown In Flgs0 2, 3> and 
Eysenck would predict either that the motivated groups should 
have higher performance after 6 min. of practice or, if con­
solidation was occuring, that there would be no performance 
difference. The results shown in Figs. 3 and ^ would give 
support to the idea of no performance difference. How this 
may be related to the consolidation theory is yet to be shown. 
Ammons stated that performance would diverge as a consequence 
of differential motivation, for both massed and distributed 
groups. Fig. 2 shows almost no divergence for distributed 
practice- while in Figs. 3 and 4 the groups* performances seem 
to run parallel or begin, to come together after an initial 
separation. However, Ammons based his hypothesis on the 
assumption of pre-practice motivational differences which did 
not occur in this study according to the pre-practice ratings.
Before considering the rest of the hypotheses, differ­
ences in measuring the basic phenomena should be pointed out. 
Amount of reminiscence is one of the most often discussed 
phenomena. Eysenck simply subtracts the score on the last 
trial of pre-rest practice from the first trial.of post-rest 
practice to obtain a measure of reminiscence. The first 
puzzlement occurs when one discovers that kl out of 14-0 
measures so obtained are negative. Since reminiscence is 
regarded as higher performance after rest and the mean curves 
show this higher performance, what can an individual’s nega­
tive reminiscence score mean? Ammons extrapolates a line 
backward to the first trial in post-rest practice using a
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straight line fitted to the deeremental portion of the post- 
rest curve. The extrapolated point is often higher than any 
single high point in the curve„ With this method it is at 
present difficult or impossible to arrive at a reminiscence 
score for an individual because of the amount of variability 
from trial to trial shown by a single S, and consequent diffi­
culty in fitting a curve to the single S’s scores to make 
backward extrapolation possible. (See Appendix for a report 
of an attempt to solve this problem.) By using S’s highest 
score in the first 1 1/2 min., a score is obtained that very 
roughly approximates that which might be found if curve fitting 
and extrapolation were possible with the individual S's scores® 
The last trial pre-rest practice score is then subtracted from 
S’s highest point to get a reminiscence score. Only two nega­
tive reminiscence scores resulted with this method. Eysenck’s 
reminiscence score and the reminiscence scores using S's high­
est raw score correlated only .3 5. With N = 150 the relation­
ship is significant beyond the .01 level.
Because extreme points may give inaccurate and unrealis­
tic reminiscence scores, the individual curves were also 
smoothed by using running averages of 5 scores. The highest 
smoothed curve point in the first 1 1/2 min. was then used 
and the last trial pre-rest practice score subtracted from 
it. Scores obtained using this method correlated .51 with 
those using Eysenck's which is also significant beyond the 
.01 level (N=150). The two reminiscence scores involving 
S's highest raw score and S's highest smoothed curve point
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correlated ,81. Obviously, Eysenck's and Ammons's reminis­
cence scores are somewhat related, but the reminiscence scores 
from their experiments can not be regarded as comparable.
Their discussions of reminiscence must be regarded as dis­
cussions of two different kinds of events. Lack of similar 
measurements may provide a partial explanation for the diffi­
culty in reconciling their theories.
Ss in the M-6 condition have two reminiscence scores, 
one after one 6-mln0 practice period and one after two 6-mln. 
practice periods. The two reminiscence scores were correlated 
in order to estimate the degree to which reminiscence scores 
are consistent across practice sessions. Eysenck's reminis­
cence scores correlated .3 8 over all groups (N=50) and use 
of S's highest score for reminiscence correlated .21. Since 
scores from 10-sec. practice periods had a median reliability 
of .7^, the value of the reminiscence correlations could be 
higher. However, the coefficients are low enough that a 
more consistent measure of reminiscence is desirable. The 
reminiscence score derived from the highest point after doing 
running averages of five in the first 1 1/2 min. gave a corre­
lation of .2 9. Apparently, using averages would not result 
in greater consistency. A consistent measure of IR throughout 
practice for each single S is needed. (See Appendix for a 
discussion of kinds of measurement attempted,)
Eysenck refuses to use Ammons' method of finding amount 
of reminiscence because he does not agree that the sharp rise 
in performance after rest is due to ra readjustment of "set”.
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Eysenck states that at the beginning of post-rest practice 
IR Is absent, and that it Increases as practice proceeds5 WU 
is due to being lessened by extinction. Eysenck's reminis­
cence score Involves two variables! the amount of 1^ dissipated 
during rest which gives the reminiscence score a positive value 
and the amount of gl^ present which gives the reminiscence 
score a negative value. If Eysenck corrected his reminiscence 
score to remove the gl^ present, he might arrive at a reminis- 
cence score nearer to that used by Ammons.
In considering hypotheses 2) and 3) given in the intro-, 
duction, Table 7 presents Eysenck's reminiscence scores.
There is little difference between groups or conditions, al­
though using S's highest score In obtaining reminiscence shows 
C and KR as having higher reminiscence scores after 2 min., 
after 6 min., and after two 6-min. practice periods. The F 
values given in Table 5 show Eysenck's reminiscence scores 
as not being significantly different for the S, C, and KR 
groups or for the S, A-l, and A-2 groups. Use of S's high­
est score to obtain reminiscence indicated a difference 
significant at the .05 level for the S, C, and KR groups 
and no significant difference for the S, A-l, and A-2 groups.
To compare each experimental group with the S group, t tests 
were run between the largest differences (e.g., S M-6 1st 
reminiscence score with A-2 M-6 1st reminiscence score), 
which procedure revealed no significant differences. „
Either there is no difference between groups after 2- and 
6-min. periods (Eysenck's reminiscence score) or both 2- and
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6-min. periods are equally affected by motivation levels (S's 
highest score in obtaining reminiscence). Since Eysenck pre­
dicted a difference after 6 min. but not after 2 min., neither 
Eysenck’s scores, nor the use of S’s highest score support 
Eysenck's theory. The factors differentiating the reminis­
cence of high and low motivated groups apparently occur be­
fore the end of the 2 min. practice period, giving reason to 
doubt Eysenck's idea of significant numbers of involuntary 
rest pauses occuring only after 2 min. of practice. The use 
of S's highest score for reminiscence confirms Ammons's hypo­
thesis that both 2 and 6 min. of practice will result in 
different reminiscence scores for high and low motivated 
groups.
It can be seen by studying Table 6 and Table 8 that the 
C and KR groups tend to have higher WU scores than the S 
group although the’difference is not significant. The trend 
of higher WU in high motivation groups is in a direction 
opposite to both Eysenck's and Ammons's hypotheses.
d) As seen in Table 5 and Table 6, after 6 min. of 
practice WU and 1^ were slgnificantly higher (using S's high­
est score to derive reminiscence) than after 2 min. of prac­
tice in all groups. Both Eysenck's and Ammons's theories 
are supported by this result.
5) Figure 13 shows motivation to be increasing both 
between and within practice periods. Both Table 6 and Table 
8 show no Increase in WU with Increase in motivation over 
three practice periods. More practice periods are needed to
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test this proposal adequately. However, there is a trend 
for WU to decrease as further practice sessions are given 
and/or motivation increases which supports Ammons’s hypo­
thesis. WU seems to he more a function of amount of immediate 
previous practice than number of previous practice sessions 
or level of motivation.
6) Ig Is significantly less after two 6-min. practice 
periods than after one 6-min, period. Eysenck's and Ammons's 
theories predicted an increase In IR if motivation was increas­
ing as shown in Fig, 10.
Looking at the statements of Eysenck's theory, the pro­
posal of involuntary rest pauses differentiating high and low 
drive groups is questionable, as there were significant differ­
ences between group reminiscence scores after 2 as well as 6 
min. Since Involuntary rest pauses would be more frequent in 
low-drive groups, performance would theoretically decrease 
after 2 min., but Fig. 4 does not show this to happen. Since 
there is a trend for WU to be higher for high drive rather 
than low drive groups (see Table 8), high drive groups accord­
ing to Eysenck must have developed moresIR» But this explana­
tion of WU would then demand that the high drive groups have 
made more involuntary rest pauses, which contradicts Eysenck's 
original explanation of the involuntary rest pause.
The results of this study disagree with Ammons' state­
ments, in that performance is similar rather than divergent 
for high and low drive groups (based on other motivational 
factors than the pre-practice ratings which Ammons had assumed)
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and WU tends to be greater with more motivation.
Figures 8, 9S and 10 show amount of gIg present as de~ 
termined by two different measurement operations. Eysenck 
states that glR is the difference between the first trial 
post-rest practice score and the performance score for the 
distributed practice group having same amount of practice 
time. The performance in the M-6 conditions definitely 
shows this type of gig* "but performance in the M-2 con­
ditions shows little or no 0I„ according to Eysenck's method.
O  11
Since his theory is that IR is not high enough to produce 
gIg until after 2 min. of practice, the results using his 
measure are consistent with his theory.
In Ammons' method, one would extrapolate from each of 
the decremental portions of the massed curves to the first 
post-rest trial and in each condition in this study the ex­
trapolated point is beyond or at the distributed line show­
ing no gl^ in any condition or group. Ammons's extrapolation 
method is probably underestimating S's maximum performance, 
because his highest peaks are averaged with the rest of the 
performance. Comparing the point predicted from backward 
extrapolation from the performance of the massed condition 
to the distributed performance for the same group, it can 
be noted that D performance is lower. The lower D perform­
ance is probably due to IR accumulating even in the D con­
dition. With Ammons's measure no gIR is shown (or less 
than none if the Idea of D condition’s accumulating some 1^ 
is not accepted). Eysenck's method shows gig? Ammons’s
3k
method shows no gIR .
The question arises whether there is and just what 
it is. According to Eysenck, IRls a stimulus for gIR . Since 
no IR is present after rest, little gIg should be present and 
performance should be high which is not the case. Since IR 
begins to accumulate shortly after practice begins, gIg 
would increase and theoretically the curve would decrease, 
which is opposed to actual findings. Ammons and Willig (1956) 
showed that Ss who had massed practice followed by distributed 
practice rapidly reached performance levels of the distributed 
group. If gig had been present, it would have lessened the 
performance level. gIg appears to be a theoretical construct 
for which no one has experimentally produced a convincing 
analog in actual pursuit rotor data.
Table 3 leads to speculation as to the effects of kinds 
of motivation. Ss performed rather consistently from prac- 
tlce session to practice session except in the C group where 
performance changed after a few minutes of practice. Either 
Ss were different in the first few minutes and later stablized 
or they began with a normal pattern and later changed their 
performance technique. Further studies on competition as a 
motivational device would be Interesting.
Figures 5» 6, and ? show no real difference between the 
performances of the athlete groups or between their perform­
ance and that of the S group. Several explanations are 
possibles 1) there is no transfer between gross motor skills 
developed and used in athletics and those basic to performance
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of.the pursuit rotor task? 2) athletes are no more highly 
motivated than other Ss In the pursuit rotor task? or 3) 
there Is an interaction between desire to do well and the 
transfer, equalizing the effects. The pre-practice motiva­
tion questionnaire suggested that athletes were not more 
highly motivated than other groups (see Table *0} however, 
these ratings were only relative to S's own standards,,
There was no Indication that athletes gave themselves a 
higher mean average In rating their performance of 33 various 
skills (see Table 2).
The Skill Questionnaire and the initial 20-sec. score 
as two separate measures can be considered fairly reliable.
The correlation of these two measures was essentially zero, 
as was the correlation of the Skill Questionnaire mean and 
performance in the total massed practice period. How well 
an individual feels he can perform many different kinds of 
skills Is not related to his actual pursuit rotor performance. 
This observation is consistent with the fact that athletes do 
not perform better on the pursuit rotor. An individual who 
has tried many kinds of skills as compared to one who has 
tried fewer skills rates himself as doing better in those 
skills. Average college students apparently have tried as 
many different kinds of skills as athletes. Any skill trans­
ferred to the pursuit rotor appears to be one not ordinarily 
associated with above average performance in ma^or college 
sports.
Although the correlation between the pre-practice
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motivation mean and the initial 20-sec. performance score 
was low ( .2 7 3  to ,280), the t ratio for testing the signifi­
cance of a coefficient of correlation was 3* 32> indicating 
that the possibility of the true correlation’s being zero 
can be rejected at beyond the .01 level of confidence,, In 
studying a scattergram of the pre-practice motivation scores 
versus the initial 20-sec. performance scores it was obvious 
that those Ss who stated they would try very hard had.per­
formances which ranged from very low to very high while- Ss - 
who stated they would try less than average or average always 
had lower Initial performance scores. In order to achieve 
the higher initial performance scores, it seems necessary 
to have a fairly high motivation,,
Self-ratings would be Interesting to compare with the 
reminiscence score which is regarded as a direct measure of 
drive. Several difficulties occur in trying to obtain an 
objective self-rating. Asking S to rate himself on how hard 
he thinks he’ll be trying on a task before performing the 
task leads to his having little or no basis for his rating.
He may well suspect that it would be "proper" to try reasonably 
hard. In some situations, it might be interesting to give a 
practice session and then ask S how hard he thinks he'll try, 
based on the practice he prevlpusly had. In this study In 
the M-6 conditions Ss had practiced a total of 18 min. and 
rested a total of 16 min. before they rated themselves on 
motivation. Their later experiences and attitudes certainly 
must have caused earlier attitudes to be regarded differently.
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However, If a rating Is obtained after each minute of practice, 
either performance must be interrupted every minute for S to 
check his motivation or S must call out his motivational 
attitude. Both of these methods would probably Influence motiva­
tion while performing the task.
The relationship between the pre-practice motivational 
rating and post-practice motivational rating suggests that Ss 
tended to rate themselves as being either quite motivated or 
not quite so motivated both before and after practice. Neither 
the post-practice motivation ratings for the first minute nor 
those for the last minute of practice correlated with the pre­
practice motivation as high as the total post-practice motiva­
tion score, possibly indicating that the Individual 1 min. 
post-practice motivation ratings were not as reliable as their 
total.
Figures 11, 12, and 13 are presented in order to show a 
few of the problems where Ss rate their remembered motivation 
during practice after they have completed that practice. From 
the graphs it is apparent that there is a general trend for 
groups of Ss to rate themselves higher at the end of any prac­
tice session than at the beginning. Apparently, Ss feel they 
try harder the longer they practice. Since performance in­
creases, Ss may be rating themselves more on how well they 
think they did rather than how hard they tried. There is no
consistent trend for Ss in any one group to rate themselves
higher in all conditions. Again, scores of one or two Ss can
distort the mean curves based on only 10 Ss,
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Study^-of the motivation ratings and their relationship 
to performance suggests that motivation may be pre-experimen­
tally set for S, perhaps involving his basic approach to simi­
lar events. Regardless of the condition or group in which he 
is placed, his level of motivation changes very little and it 
would be the pre-experlmental motivation plus whatever small 
changes are produced experimentally that would affect.the 
initial performance. Highly motivated Ss would tend to have 
higher initial performance if they have the necessary transfer 
of skill while poorly motivated Ss would have a minimum initial 
performance score.
Future research possibilities are apparent from this 
study. The various measurements of reminiscence, warm up, 
and conditioned inhibition need to be reconciled into conven­
ient and adequate measurements acceptable by all researchers 
including Ammons and Eysenck. (See Appendix for an elabora- 
tion.) Studies to find the characteristics of could in­
clude development of large amounts of ~I_ through long prac-o n
tice periods, performance of long practice periods followed 
by very short practice periods (supposedly to extinguish gIR 
accumulated, according to Eysenck) compared to performance of 
a distributed group, films of performance during long prac- 
tice periods, and physiological tests after long practice 
periods.
Different types of self-ratings of motivation should be 
tried. Some of these are suggested in this thesis? calling 
out a rating during each minute of practice, having short
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practice periods and short rest periods In which Ss have 
time to check motivation ratings, and having a standard of 
comparison with others before practice. A similar pre- 
practice task might be devised and.motivation on the pursuit 
rotor compared to that during the earlier task. S might be 
given a pre-practice motivation questionnaire and his motiva­
tion subsequently either lowered by threatening, harmful 
suggestions or raised by supporting, encouraging suggestions 
until two groups were obtained which had relatively similar ' 
amounts of either high or low motivation. These two groups 
could be run and effects on performance studied. Suggestions 
themselves could be Investigated as to their influence on 
motivation.
Small groups highly skilled in certain areas (such as 
typists or draftsmen) might be compared to a standard group 
in order to substantiate the findings in this study with 
athletes that interest and practice in other motor skill 
areas does not relate to performance or motivation when 
practicing the pursuit rotor.
Competition appeared to be the most Interesting motiva­
tion technique in this study. Since Table 3 shows a definite
/'
difference in the total performance of groups practicing 2 
min. and then 6 min., It would be helpful to know, why the 
performance changed and where it changed, It might, be 
worth while to run competition groups for different pre-rest 
practice periods to see where the greatest change occurs.
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Summary
The problem was to vary motivation systematically to 
study effects on performance, reactive inhibition, remlnis- 
cence, conditioned inhibition, and warmup in practicing the 
rotary pursuit task. 150 college males participated as Ss, 
with 30 Ss in each of five groups? standard, competition, 
knowledge of results, athletes superior in one sport, athletes 
superior in two or more sports. 10 Ss in each group were run 
in each of three conditions: distributed with 20 sec. prae-
tice and 50 sec. rest for 36 trials, continuous with 2-min, 
and 6-min. practice periods separated by 8 min. of rest, 
massed with three 6-min. practice periods separated by 8-mi.n. 
rests. Each S was given a Skill Questionnaire, a pre-prac­
tice motivation questionnaire., and a post-practice motivation 
questionnaire.
Eysenck's and Ammons's theories were outlined and dis­
cussed. Present measures used to describe reminiscence and 
conditioned inhibition were found to be generally inadequate. 
Higher drive apparently resulted in significantly higher 
reminiscence and a slight trend towards more WU. High drive 
groups showed significantly more reminiscence than low drive 
groups after 2 min. of pre-rest practice as well as after 
6 min. of practice. Practicing for 6 min. rather than 2 
min. gave significantly higher reminiscence and WU for all 
groups, although a second 6-min. practice period had a 
tendency to lower reminiscence. Only high or moderately 
motivated Ss achieve higher initial performance scores, and
41
skill in college sports appeared to be unrelated to initial 
performance.
Leuthold
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Table 1 
Experimental Conditions
Variables Involved
Learning
Learning, fatigue
Learning, fatigue 
over time
Learning, motivation
Learning, motivation, 
fatigue
Learning, motivation, 
fatigue over time
Learning, motivation
Learning, motivation, 
fatigue
Learning, motivation, 
fatigue over time
Learning, motivation, 
skill
Learning, motivation, 
fatigue, skill
Groups
1. Standard Group (N=3Q)
a. Distributed (D): 20 
sec. practice, 50 sec. 
rest for 36 trials (N=1 0'
b. Massed (M-2): 2 min.,
8 min. rest, 2 min. 
practice (N=1 0 )
c. Massed (M-6)s 6 min. 
practice, 8 min. rest,
6 min., 8 min® rest, 0 
min. (N=1 0)
2. Competition Group (N=3Q)
a. Distributed (D)s as 
described aboye
b„ Massed (M-2)s as 
described above
c. Massed (M-6) 5 as 
described above
3. Knowledge of Results
Group (1=30)
a. Distributed (D)
b. Massed (M-2)
c. Massed (M-6 )
4. Athletes superior in only
1 sport (N=3 0)
a. Distributed (D)
b. Massed (M-2)
Learning, motivation, 
Skill, fatigue 
over time
c. Massed (M-6 )
Learning, motivation, 
skill
Learning, motivation, 
skill, fatigue
Learning, motivation, 
skill, fatigue 
over time
5. Athletes superior in 2 or 
more sports (N=3 0)
a. Distributed (D) 
ba Massed (M-2)
c. Massed (M-6 )
Leuthold
Table 2
Skill Questionnaire Mean for Each Group and Condition
Group D M-2 M -6  Mean
Standard 2.92 2.80 2.81 2.84
Competition 2.9? 2.98 2.57 2.84
Knowledge of 3.00 2.6l 3.06 2.89
Results
Athletes - 1 2.83 2 .8 3 2.74 2.80
Athletes - 2 2.7.5 2.54 2.68 2.66
Mean 2 .8 9 2.75 2.77 2,80
i*9
Table 3
Correlations of Sums of Total Score for 
Massed Practice Performance by each S
1st 6 min. 2nd 6 min. 
Group N 2 with 6 with with
~ min. total 2nd 6 min. 3rd 6 min.
Standard 30 .65* .83* .72*
Competition 30 -.09 .31 .81*
Knowledge of 30 .76* .86* .93*
Results
Athletes - 1 30 .57* .7^* .92*
Athletes - 2 30 .69* .70* .90*
*£<.01
Leuthold
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Table 4
Pre-practice Motivation Mean for Each Group and Condition
Group D M-2 M-6 Mean
Standard 6. 6 6.3 6.1 6.3
Competition 6,6 6.2 7.1 6.5
Knowledge of 
Results
6,0 6.9 5.8 6. 2
Athletes - 1 6.6 6.7 6.7 6.7
Athletes - 2 6,9 7.3 6.4 6.9
Mean 6.5 6.7 6.4 6.5
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Table 5
F Values from Analyses of Variance with Eysenck’s 
Reminiscence Score (E) and Reminiscence Score 
Derived from S's Highest Score (A)
Standard, Competition, Standard, A-l
Knowledge of Results A-2
Eysenck 2 min. 1st 6 min. 2 min. 1st 6 min
or with with with with
Highest ££ 6 min. 2nd 6 min. 6 min. 2nd 6 min
Amount of (E) 1 .41 6.4-0* .89 I .63
Previous
Practice (H) 1 10.24-** 9.77** 20.74*** 7.4-9*
Motivation (E) 2 . 21 .89 .38 2 .8 6Level
(H) 2 5.74-* 4-. 36* 1.30 3.36
Interaction (E) 2 .27 .24- 4-.09* 2.30
(H) 2 .0 6 . 20 I .65 .32
* £<.05
** £<.005
* * *  £<.001
Leuthold
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Table 6
F Values for Analysis of Variance of Warm Up Scores
Amount 'of 
Previous 
Practice
Motivation
Level
Interaction
df
2
2
Standard, Competition, 
Knowledge of Results
2 min. 
with 
6 min.
9.78*
1.86
.32
6 min.
with 
6 min.
.48
.98
.05
Standard, A-2
2 min. t 
with 
6 min. (
31.23#*
.93 
2 . 28
* £<.005
** £<.001
, A-l,
> min. 
with 
5 min.
1.46
.92
i.15
Leuthold
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Table 7
Means of Reminiscence Scores
Group M-2 H- 6  M - 6
1st Rem. Score 2nd Rem. Score
Standard
Eysenck 11.95 11.05 9.58
Highest Score 39.70 56.30 40.70
Competition
Eysenck 11.93 11.50 10 .71
Highest Score 57.10 73.40 61.20
Knowledge of Results
Eysenck 11.88 1 2 .0 6 10.47
Highest Score 58.6 0 71.50 51.40
Athletes - 1
Eysenck 12.81 10.40 11.18
Highest Score 47..50 71.50 6 1.40
Athletes - 2
Eysenck 11.25 12.93 11.87
Highest Score 35.50 78.50 56.80
Leuthold
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Table 8
Means of Warm Up Scores 
Computed By Difference Between Highest Post-Rest Practice Score 
In First 1 1/2 Minutes and Last Pre-Rest Practice Score
After 1 practice After 2 practice 
period periods
Group M-2 M-6 M-6
1st Rem. Score 2nd Rem.
Standard 25.5 45.8 43.7
Competition -37.8 58.4 54.1
Knowledge of 
Results
39.8 50.9 49.4
Athletes - 1 19.4 57.5 42.8
Athletes - 2 2 3 .0 39.2 42.7
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Figures
Figure 1. "Classical” performance curves showing per- 
formance under massed and distributed practices, while learn­
ing rotary pursuit.
Figure 2. Comparison of mean performance of standard 
(N=10), competition (N=10), and knowledge of results (N=10) 
groups in distributed condition with 20-sec. practice and 
50-sec. rest cycles.
Figure 3« Comparison of mean performance of standard 
(N=1 0), competition (N=1 0 )» and knowledge of results (N=1 0 ) 
groups in M-2 condition with 2-min. and 6-min. of massed 
practice separated by 8 min. of rest.
Figure Comparison of mean performance of standard 
(N=10), competition (N=10), and knowledge of results (N=10), 
groups in M- 6  condition with three 6-min. practice periods 
separated by 8 min. of rest.
Figure 5. Comparison of mean performance of athletes 
superior in only one sport (N=1 0) and athletes superior in 
two or more sports (N=1 0 ) with the standard group (N=1 0 ) 
in distributed condition with 20-sec. practice trials and 
50-sec. rests.
Figure 6 . Comparison of mean performance of athletes 
superior in only one sport (N=1 0) and athletes superior in 
two or more sports (M=1 0) with the standard group (N-1 0 ) in 
M-2 condition with 2 min. and 6 min. of massed practice 
separated by 8 min. of rest.
Figure 7. Comparison of mean performance of athletes
56
superior In only one sport (N=10) and athletes superior In 
two or more sports (N=10) with the standard group (N=10) In 
M-6 condition with three 6-min. practice periods separated 
by 8 min. of rest.
Figure 8. Comparison of the D (N=10), M-2 (N=10), and 
M-6 (N=10) conditions for the standard group.
Figure 9. Comparison of the D (N=10), M-2 (N=10)9 and 
M-6 (N=10) conditions for the competition group.
Figure 10. Comparison of the D (N=10)s M-2 (N=10), and 
M-6 (N=10) conditions for the knowledge of results group.
Figure 11. Standard (N=10), competition (N=10), 
knowledge of results (N=10), A-l (N=10), and A-2 (N=10) 
group means on post-practlce motivation questionnaire over 
each min. of practice in the distributed condition.
Figure 12. Standard (N=10), competition (N=10), 
knowledge of results (N=10), A-l (N=10)» and A-2 (N-10), 
group means on post-practlce motivation questionnaire over 
each min. of practice in M-2 condition.
Figure 13. Standard (N=10), competition (N=10), 
knowledge of results (N=10)» A-l (N=10)s and A-2 (N=10) 
group means on post-practice motivation questionnaire over 
each min. of practice in M-6 condition.
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Appendix 1
It seemed reasonable that there might be some way of 
obtaining a measure of 1^ for the Individual at any point of 
practice. Several of the attempted methods are described In 
this appendix. One indication of 1^ might be S's perform­
ance variability, assuming that S has less control over his 
performance as IR Increases. Using running averages to 
smooth out an individual’s performance might be regarded as 
providing an estimate of a typical performance for that S, 
Running averages were obtained for 5 Ss over blocks of three 
10-sec. trials, blocks of five 10-sec. trials, blocks of 
seven 10-sec. trials, and blocks of nine 10-sec. trials.
An average Is obtained by taking the mean of the first block, 
then dropping the first-trial score and adding the next trial 
score Just beyond those previously averaged to obtain the 
second mean and continuing across all practice. The 5 Ss
iwere selected from one of the conditions as being the high­
est performer, the lowest performer, the median performer, 
and two others taken at random. Graphs were made which 
showed the extreme raw scores and the smoothed curves of 
the averaged scores. Figures 1A, 2A, 3A, 4A, and 5A show 
the extreme raw score and each subsequent smoothed curve 
for one S obtained by the method of running averages. In 
general, the curves became more smooth as more numbers were 
averaged to obtain each point. However, it can be noted 
that using 7 or 9 numbers to average may leave the curves
71
with little of the s's performance uniqueness. To determine
Insert Figures 1A, 2A, 3A, 4a, and 5k about here
WU with running averages of 9> one must either find the mean 
of the four scores before the first point plotted for the 
running 9 average or use the first points found by the run­
ning 3> 5, and 7 averages.
Deviation scores were obtained by subtracting the raw 
score from the running average (e.g., trial 2 raw score from 
the first average obtained with running 3 averages). Since 
scattergrams indicated no curvilinear relationships, Pearson 
product-moment correlations were run for each S among his 
deviation scores on the four kinds of running averages.
Table 1A shows these correlations. Deviation scores from
Insert Table 1A about here
running averages of 7 and 9 are usually the most related, 
with deviation scores from running averages of 3 and 9 the 
least related. However, the relationships are not consistent 
for every S. Since more of the same numbers are used in run­
ning 7 and 9 averages it is logical to obtain higher rela­
tions between their deviation scores, but the inconsistency 
is difficult to explain. If it is caused by a particular 
quirk in one S*s performance, arbitrary selection of one 
running average for all Ss would present more realistic, 
curves of some Ss’ performances.
Sums of the deviation scores for the 5 Ss are shown in 
Table 2A. Within each S there is a trend for the sum of
Insert Table 2A about here
deviations to become larger as a larger number of scores is 
averaged, which is understandable since averaging more numbers 
results in a smoother curve with fewer smoothed points near 
the raw trial scores. Spearman rho correlations of the run­
ning averages for the 5 Ss comparing the four methods of 
averaging resulted in a coefficient of 1 .0 0 for the running 
averages of 5 and 7 ? .90 for the comparisons of running 
averages of 3 and 5 9 3 and 7 , 5 and 9 s 7 and 95 .8 0 for 
running averages of 3 and 9. The relative position of each 
S in the increases of the sums of deviation scores remains 
fairly stable. However, the question again rises of why the 
sums of deviations do not follow a consistent trend for every 
S. A possible explanation for the sum of deviations being 
larger for a running average of 3 than for a running average 
of 5 » is that extreme points pull the average of 3 to a 
point giving more deviation than if one were averaging more 
numbers. Figure 6a Illustrates this graphically. Thus, if 
a S had more single extreme points his deviation sum with a
   .. ............ ■ ..■■'"""nr,........... . ..„ , 1—  , j
Insert Figure 6a about here
running 3 average might be larger than with other running 
averages. The same logic can be applied to a running average
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of 5 having a larger deviation sum if S has a tendency for 2
or 3 points to be more extreme than others.
Graphs were made of the absolute deviations for each of
the 5 Ss. Figure ?A presents these deviations using the
different running average methods for one S. There were
Insert Figure 7A about here
periods of relatively large amounts of deviation and periods 
of relative small amounts of deviation indicating that Ss 
tend to go through stages of control and stages of little 
control. Whether these "stages” were slgnificantly differ­
ent from a random type of behavior and how they are related 
to IR needs to be considered in the future.
One other method for obtaining estimates of an in­
dividual’s Ig within a practice period was -attempted. The 
running averages of 9 scores were used as a middle perform­
ance for each S. The raw scores above each of these points 
and the raw scores below these points were separated into 
two measures. Intervening empty trials were filled by the 
average of the two adjacent points. These two curves (the 
one concerned with points above the middle performance and 
the other with points below the middle performance) were 
smoothed by running averages of 9 and these points plotted. 
It was hoped that the area between the two curves would 
indicate 1^ development, but the pictured results as shown 
in Figure 8A could not be Interpreted, as there was again 
no consistent trend between or within Ss.
?4
Insert Figure 8a about here
Other suggestions that at this point have not been 
tried are the following. To obtain a smooth curve for one 
S, arbitrarily eliminate the 3S 5, 7, or 10 extreme points 
and instead use an average of the adjacent points. With 
iteration, the possible result might be a straight line.
A correlation between adjacent points (i.e. trial 1 with 
trial 2, trial 3 with trial b) might give an Indication of 
IR . Again if S varies a great deal, the correlation would 
be low, giving an index of high IR ? if S varies less, corre­
lations would be high giving an index of low IR . The floor 
and ceiling on performance would not allow as accurate a 
correlation Index as would be desired, although correction 
for restriction of range might be helpful.
Leuthold
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Table 1A
Intercorrelations of the Deviation from the Raw Score 
for Running Averages of 3, 5» 9 for each of
5 Subjects for 28 P.bst-Rest Trials
S A 
3 
5 
7
5
.80
7
.79
.90
9
.69
.83
.92
S B 5
.81
7
.72
.90
9
. 64 
.84 
.95
s c 
3 
5 
7
.81 .83
.88
.84
.89
.94
S D
.84 .82
.90
.78
.9^
.88
S E 
3 
5 
7
5
.73
7
.48
.87
9
.53
.88
• 95
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Table 2 A
Sum of Deviation Scores from Running Averages of 3» 5» 7, 9 
Divided by the Number of Deviations Possible for that 
Particular Running Average for 5 Ss
Subject
A
B
G
D
E
(Deviatlons=3*0 
9.56 
5.12 
11.4-2 
14-. 22 
7.96
(Deviations-32) 
11.26
5.55
12.76
11.71
9.85
Subject
A
B
C
D
E
7
(Devlations=30)
9.92
6.35
13.28
12.12
9.91
9
(Deviations=28) 
9.87 
6.78 
13.01 
11.98
10.12
/
7?
Figures
Figure 1A. The raw scores of S E showing the percent 
time on target over 36 10-sec. periods.
Figure 2A. The raw scores of S E smoothed by using a
running average of 3 10-sec. scores.
Figure 3A. The raw scores of S E smoothed by using a
running average of 5 10-sec. scores.
Figure ^A. The raw scores of S E smoothed by using a
running average of 7 10-sec. scores.
Figure 5A. The raw scores of S E smoothed by using a
running average of 9 10-sec. scores.
Figure 6a. Illustration showing how a running 3 average 
might have a larger deviation score than a running 5 or 1 
average.
Figure 7A. The amount of deviation of each of the run­
ning averages from the raw score over the practice period 
for S C.
Figure 8A. The points above the S's middle performance 
and the points below the S's middle performance smoothed by 
running 9 averages for S D.
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Appendix 2
Table A
The Sports in Which the College Athletes Participated
Sport A-l D A~•1 M-•2 A-l M-6 A-2 D A-2 M-2 A- 2 ]
Pootball 3 4 3 7 9 6
Basketball 4 4 3 4 4 3
Track 1 1 2 4 4 4
Wrestling 2 1 2 2 1 1
Baseball 3 3 3
Golf 1
Skiing 1 1
Tennis 2
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Table B
The Number of Times Ss Within a Certain Condition Were Told
How Well They Were Performing
Cohdltion "good" "not so .good" "about equal"
K D 170 1-45 45
K M-2 81 110 17
K M - 6 219 184 3?
S on left better S on right better about equal 
C D  39 45 6
C M - 2 4l 37 9
C M - 6 128 150 21
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Table C 
Performance Means 
Condition Practice Trials
S D
1 2 3 4 5 6
20.7 15.5 32 . 0 25.3 39.6 23.5 1 mln.
^7.3 40.1 55.3 37.6 55.3 47.4 2 mln.
59.4 45.8 64.8 5 2 .8 69.4 59.5 3 mln.
6 9 .2 6 9 . 6 69 . 8 6 7 .6 78.0 73.4 4 mln.
79.9 73.7 83.2 6 9 .3 8 0 . 0 74.9 5 mln.
91.7 73.4 88. 2 85.0 93.2 82 .5 6 mln.
Best
86,2 81.9 8 9 . 4 84.0 93.4 86.? 1 mln.
102.2,* S'3.9 97.5 103.5 97.3 92.9 2 mln.
95.6 93.8 97.7 97.7 "98.4 98 .5 3 mln.
101.6 87.2 94.6 97.5 102.3 10 0 . 6 4 mln.
101.3 101.9 104.9 95.8 101.2 95.0 5 mln.
10;i„6 97.6 97.2 1 0 3 . 0 112.6 97.3 6 mln.
End
1 6 . 2 21.5 20.7 21.0 24.4 22 .1 1 mln.
1 8 . 8 23.3 27.0 27.3 31.1 3 0 .0 2 mln.
Best
44.2 44.4 45.6 45.3 .53.3 55.5 1 mln.
42.4 51.4 53.0 .53.0 56.2 47.6 2 min.
46.7 49.7 6l.l 42.7 49.3 45.0 3 mln.
44.0 47.4 5 3 . 2 50.4 45.8 46. 5 4 mln.
42.8 54.3 48.1 37.0 47.3 41.8 5 mln.
47.9 38.6 43.6
End 38.5
40.0 42.7 6 mln.
16.9 2 0 .0 14.9 24.4 24.4 20 .'8 1 mln.
2 2. 2 19.5 21 .8 2 5 .6 33.1 2 6 . 5 2 mln.
29.1 2 8 .5 2 6 .6 24.6 32.7 35.4 3 mln.
35.8 37.1 39.7 39.4 33.9 32.7 4 mln.
42.0 38 .2 37.7 3 1 .6 38.1 41.9 5 mln.
37.3 34.2 42.7 34 o 4 42.6 34.6 6 mln
Rest
45.1 7 0 .0 57.5 63.1 64.7 77.1 1 mln.
6 6 . 5 77.9 74.1 69.3 6 8. 5 68 .8 2 mln.
6i. 6 70 .1 6 1 . 5 74.6 67 .6 70.4 3 mln.
55.3 6 9 .6 64.3 65.1 61 .6 6 3 .6 4 mln.
59.2 58.4 58 .0 58.3 54.9 58.0 5 mln.
51.5 60.7 59.0 62 . 0 48.8 65.0 6 mln.
Rest
6 2 .0 71.1 76 .2 73.9 72 . 1 78 .2 1 mln.
76.8 78.1 95.2 81.4 8 3 .2 8 8 .2 2 mln.
86 .7 80.4 78.1 74.8 76.7 63 .8 3 mln.
79.4 80.4 75.7 73.8 74.9 65.7 4 mln.
75.1 77.2 67 . 7 6 8 .2 73.7 71.2 5 mln.
75.3 64.1 73.0 6 5 .6 65 .2 6 7 .0 6 mln.
End
20 .1 23 .2 40.8 33.0 46.1 35.7 1 mln.
47.8 3 8. 6 59.3 53.9 60 .9 51.6 2 mln.
65.5 61 .8 74.6 63.7 72.5 74.7 3 mln.
74.2 62 .2 8 1 . 9 77.7 8 3 .2 68 .7 4 mln.
8 8 .7 77.2 9 0 . 8 8 1 .6 89.7 75.1 5 mln.
8 8 . 2 79.3 98.4 90.4 93.7 78.9 6 mln.
Rest
90
93.5 83.1 88 .6 95.9 1 0 2 . 5 99.1 1 mln.
1 0 0 . 8 90.1 1 0 3 . 8 9Q.5 1 0 3. 2 91.7 2 mln.
99.9 93.6 104.5 97.8 104.0 95.0 3 mln.
90.2 93.5 1 0 2 .0 107.1 101.5 1 0 2 . 2 4 mln..
114.9 101.7 111.5 1 06 .1 10 9 . 1 102.4 5 mln.
103.3 104.6 108.9
End
10 0 .8 1 1 2. 2 103.5 6 mln.
C M-2 20.4 19.7 21 .3 24.1 19.4 21 .2 ,1 mln.
2 2 .1 26.4 21 .1 20.7 20 .6 26 .1 2 mln.
Rest
45.4 51.7 55.6 59.9 6 3.I 60 .0 1 mln.
59.5 6 2 .9 62 .8 57.5 53.8 52 .2 2 mln.
54.0 5 0 .6 43.7 58.5 41.4 44.7 3 mln.
44.8 44.9 56.3 48.7 42. 2 48.4 4 mln.
46.1 48.8 50 i 6 54.8 43.9 43.3 5 mln.
45.7 49.5 41.3
End
41.9 40.1 45 • 4 6 mln.
C m - 6 26.4 26.4 26 .9 32.0 32 .2 31.6 1 mln.
28 . 9 37-6 28.9 2 9 .0 24.5 28«4 2 mln.
29.3 24.4 26 .8 34.6 28.3 32.3 3 mln.
31.3 31.5 32.3 25.3 27 .8 34.7 4 mln.
31.3 28 .7 31.8 23.9 33.7 2 8 .6 5 mln.
24.7 28 . 2 32.4 38.0 41.8 34.0 6 mln.
Rest
49.0 65.0 74.8 73.9 81.7 78.5 1 mln.
8 6 .2 94.3 86 .9 8 6 .9 8 7 .8 85.5 2 mln.
84.0 . 8l, 8 79o 5 8 2 ,6 87 .2 8 1 . 2 3 mln.
/
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81.3 78.2 81.6 72.
83.6 75.6 75.5 75.
74.1 69 . 7 6 5 . 4 6 7.
Rest
7 2 .8 105.4 109.5 113.
.10.0 9 2 . 4 99.3 107.
.00.3 99.6 101.6 100.
93.4 93.8 81.0 9 1.
8 6 .3 93.5 8 2,6 8 3.
79.6 78.1 81.2 7 4.
End
15 .8 17.2 37.7 27.
49.1 32 .2 49.9 32.
6l.i 48.5 6 3.I 6 1.
71.1 70.3 6 6 .1 64.
75.2 73.7 77.8 79.
80.3 70.8 83 .1 74.
Rest
90.2 77.9 8 6 .7 88.
91.1 85.2 88.2 8 9.
90.2 8 5 .0 97.9 93.
9 7 .3 9 8 .4 9 6 .2 92.
9 4 . 0 93.0 91.5 96.
9 2 .9 92.7 98.0
End
93.
2 7 .9 29.3 34.5 30.
2 8 . 4 27 .0 30 .1
Rest
37.
72. 3 75.7 4 mln.
72.1 68.0 5 mln.
77.5 65.7 6 mln.
100. 5 1 0 8 .3 1 mln.
95.9 97.1 2 mln.
9 2 . 0 110.6 3 mln.
86.8 88.4 4 mln.
8 1 .9 77.3 5 mln.
79.0 79.3 6 mln.
43.5 29.5 1 mln.
53.4 46.2 2 mln.
74.3 6 3 .0 3 mln.
69.5 70.8 4 mln.
84.2 77.0 5 mln.
85.8 80.4 6 mln.
86. 5 87.2 1 mln
85.1 8 9.I 2 mln
105.0 87.7 3 mln
88.8 92 .6 4 mln
105.7 108.9 5 mln
103.8 102.2 6 mln
30.3 31 .2 1 mln
41,0 34.8 2 mln
9
9
5
3
o
7
0
2
3
9
0
9
4
3
5
4
3
1
2
1
8
6
53» 6 6 5 .6 6 3 .2 65 .2 6 7 .6 72.3 1 min.
8 2. 7 73.8 75.5 63.7 58.7 66 .8 2-mln.
58.3 65.3 6 5 .6 6 2 .8 62+.2+ 69.7 3 mln.
62+.7 68»0 6l. 8 61.5 63.5 6 3 .8 2+ mln.
66 .7 6 3 .2 72 .2 6 6.0 ° 58 .8 58.3 5 mln.
5*K 6 53.9 59.9
End
6 6.2+ 57.2 55.7 6 min.
K m - 6 1 5.if 12+.8 1 7 . 0 23.7 19.5 2 3. 2 1 min.
23.1 15.9 2 0 .1 1-8 . 6 2 2 .3 23.1 2 min.
1 8 . 8 20 .3 22+.1 12+.5 2 3.O 2 0.2+ 3 mln.
20.2 23.5 25 .8 19.1 20 .1 18.9 2+ min.
22.9 22 .1 22 .0 22+. 3 29 .8 22+. 5 5 min.
27.3 26 .7 28 .8
Rest
26 .3 25.7 25.1 6 min.
2+5.7 55.7 65.1 63 .9 71.2+ 75.8 1 min.
82+.0 72+.0 81.7 81.9 75.0 70.7 2 min.
72.7 68.5 65 .6 6 5.2+ 6 1 . 2 73.9 3 min.
75.9 67 .1 6 9 .6 6 6. 2 62+.0 57.6 2+ min.
61 .5 59.9 61.5 55.5 2+6.2+ 53.1 5 min.
47.8 52+. 3 53.3
Rest
2+2+. 7 5 0.2+ 5 8 .8 6 min.
63.5 80 .0 89.9 92+. 1 8 7 .7 8 8 .1 1 min.
100.3 96 .6 91.1 100.2 98.5 90.2 2 min.
95.6 8 9.2+ 93.5 90 .1 89 .0 77.7 3 min.
77.9 71.3 8 6 . 5 76 .8 81.7 82.3 2+ min.
78 .6 69 . 2 73.2+ 77.0 75,9 73.3 5 min.
76 .6 72+.2 6 6 .3
End 69.9
72 .6 69.5 6 mln.
93
A-l D 16.6 l6 . 8 2 7.7 24.1 37.2 27.7 1 mln.
47 .*3 28 .6 53.1 40.3 6 2 .3 37.9 2 mln.
66.5 47.4 62 .9 56.5 74.7 57.1 3 mln.
64.9 57.0 8 1 .0 67.7 72.7 70.5 4 mln.
80.9 63.5 78 . 8 83.3 8 2 . 7 75.^ 5 mln.
7 7 . 6 80.4 95.8 8 3 .6 8 6 .2 81.5 6 mln.
Rest
91.7 78 .8 81.4 85 .8 95.5 79.6 1 mln.
8 6 .8 8 6. 5 95.2 8 8 .1 94 .6 86.4 2 mln.
99.3 78.5 101.4 92.5 1 0 0 .1 91.^ 3 mln.
95.4 9 1 .2 1 0 1 .0 92.5 9 6 .2 99.1 4 mln.
109.7 97.6 98.3 98 .6 10 1 . 0 96 .2 5 mln.
1 0 0 . 6 105.3 99.1 94.1 104.9 1 0 2 . 6 6 mln.
End
-1 M-2 18.2 1 8 .1 15.6 14.? 12.4 18.4 1 mln.
19.8 1 9 .8 19.3 23.1 22.9 21 .6 2 mln.
Rest
49.7 49.0 41.8 56.7 52.5 40.4 1 mln.
48.7 ^9.3 47.4 40.7 40.6 41.3 2 mln.
48.2 46.1 44.7 4 3 .4 41.2 46.9 3 mln.
42.8 37.6 37.3 35.7 38.5 48.6 4 mln.
40.0 40.1 36 .2 32.1 33. 2 37.4 5 mln.
36.5 31 .8 36 .8 36.1 33.6 41.4 6 mln.
End
-1 M - 6 16.4 12.7 22.4 20.5 17.9 20.5 1 min.
16.3 14.6 19.5 20 . 3 22 .6 25 .4 2 mln.
22.7 24.3 19.1 22 .6 30.5 21.9 3 mln.
22 .8 23 .2 2 5 .0 26 .1 25 .6 3^.0 4 min
27.0 33.9 30.7 33.5 24.7 31.9 5 mln.
28 .0 30.9 3 1 .0 3 0 .0 27.1 34-. 8 6 min.
Rest
3 8 .8 62 .2 6 3 .0 73.2 68 .1 74-. 7 1 min.
6 8 .6 83.3 79.5 76 .8 75.8 70.4 2 min.
6 8 .6 71.0 75.2 7 3 > 65.7 65 .8 3 min.
75.6 62 .6 62 .2 66 .0 6 8 .6 70.7 4 min.
73.4- 62 .8 65.5 6 8 . 5 55.3 53.2 5 min.
61.4 51.6 54-. 9 5 8.4 45.4 50.9 6 mln.
Rest
69.5 77.3 77.5 95.7 8 8 .5 97.5 1 min.
98 . 1 79.8 94-. 8 87 .1 81 .2 93.0 2 mln.
88.9 8 2 .6 9 2 .6 84.0- 82 .2 89.4 3 min.
7^.5 74.9 77.6 7^.8 73.9 81.7 4 min.
75.8 74-. 3 77.2 69 .0 68 .9 73.3 5 min.
6 6. 9 66 .1 73.0 64. 6 73.7 69.7 6 mln.
End
1 2 .2 15.5 26 .5 29 .6 39.-4- 30 . 2 1 min.
41.2 38.4 5 2 .8 40.2 53.1 52.1 2 min.
64.4 49.6 66 .1 59.3 78.3 61.3 3 mln.
63.9 65.3 75.0 62 . 8 71.4- 6 8 .3 4 min.
77.0 6 5 .6 79.5 76 .2 84.6 71.5 5 min.
84.9 82.4 85.9 73.7 84.9 82.4 6 min.
Rest
90.3 79.6 84.6 85.0 95.6 74-. 5 1 min.
81.3 9 0 .8 91.6 84.3 91.6 97.1 2 min.
97.1 81.5 94.0 96.1 97.3 8 6 .1 3 mln.
9^.5 99.1 99.2 85.5 8 8 .3 97.4 4 min.
96.3 90.3 93.8 101.9 9 8 .0 93.6 5 mln.
89.5 90.5 99.2
End
95.6 97.1 97.9 -6 mln.
A-2 M-2 20.4 21.3 25.4 1 8 . 1 24.2 22 .3 1 min.
2 6 .6 27 .0 23.9
Rest
21.4 21 .6 28.3 2 mln.
40.8 5 0 .8 47.3 49.0 4 9 . 0 52.1 1 min.
41.3 52.0 52.3 46. 6 5 5 .6 56.7 2 min.
51.9 4 3 . 4 47.0 43.1 40.1 41.9 3 min.
46.1 38.5 43.4 44.1 33.6 43.8 4 mijn.
40.2 41.8 43.6 48.4 35.4 35.2 5 min.
45.2 43.0 41.1
End
46.2 45.7 39.5 6 min.
A-2 m - 6 21.3 26 .5 22.4 25.1 22.4 21.3 1 min.
20.4 19.1 21.3 23.1 20 .8 27 .8 2 min.
' 28. 6 2 1.6' 30.3 26 .8 28.4 25.4 3 min.
29.1 2 6 .6 29.7 23 . 0 34,0 30.9 4 min.
31.1 2 6 . 3 2 7.7 18.9 28.9 23 .6 5 min.
20 .1 27.7 24.5
Rest
26 .3 26.7 27.5 6 min.-
5 6 .8 67 :7 64.6 74.6 70 .8 8 1 .7 1 min.
75.6 8 5 . 6 79.3 77.7 73.7 77.8 2 mln.
7 0 .6 70.3 6 6 .0 76.5 64.7 75.4 3 min.
6 8 .4 66 .1 65.4 67 .7 6 5 . 6 6 0 .5 4 min.
54.1 51.6 63.3 6 5 . 4 6 3 .1 6 2 .8 5 min
6k A 57.6 5 0 .6
Rest
59.1 53.9 5k A 6 min.
68.5 90 A 86 .1 93.7 8k A 8 8 . 3 1 mln.
95.5 91A 90 A 8 3 .8 85 .0 8 9 . 6 2 mln.
8 6 .9 8 6 .1 1 0 1 .0 87.5 8 0 .6 8 0 .6 3 mln.
90.6 76.9 80.3 73.9 7 6 .6 78 . 2 k mln.
75.6 73.6 76.7 66, 2 68 .3 6 5 .2 5 mln.
66:2 68.8 65.3 :6o .9 69 .8 60 A 6 mln.
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Table D 
Correlation Values
Group 1st 10 sec. vs.
2nd 10 sec.
Skill Mean 
vs.
20 sec.
Pre-Practige
vs
Initial
S D .-226 .167 .20
S M-2 . 6l6 A50 .05
S M - 6 . 8l6 .034 .30
C D .578 . 236 .00
C M-2 . 638 -. W ’ . 00
C M - 6 .770 .378 . 10
KR D .9^2 -.21? . 20
KR::M-2 .735 -.097 . 10
KR M - 6 .795 - . 2 7 6 .10
A-l D .510 .187 - . 2 0
A-l M-2 « -O 00 -.079 - . 1 0
A-l M - 6 .959 •3“ >j-\ *—t • . 00
A-2 D .937 - . 3 0 2 .10
A-2 M-2 . 656 .133 .10
A-2 M-6 . 860 .025 .20
